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Abstract
Pollinators are crucial in agricultural crop production as a large variety of crops including horticultural and
vegetable crops depend essentially on insect pollination. Unfortunately over the past decades, the pollinator 
population in the agricultural system has declined across the globe due to over use of synthetic chemical
pesticides. Disruption of ecosystem service provided by pollinators due to pollinator decline in chemical
intensive cropping systems has assumed a global dimension. This paper addresses how farming practices and
designs affect the diversity of pollinators. In this study the relationship between pollinator density and brinjal
(Solanum melongena, Fam. Solanacae) productivity was evaluated in a chemical intensive vegetable cropping
system in North 24 Parganas, West Bengal, India (hot sub-humid to humid eco-region; Lat 22°22' 26, N Lon 
88°21' 26 E). By comparing pollinator density and fruit set between ecological farm and chemical intensive
farm, it was investigated whether pesticide application affects pollinator visitation and in such a scenario what
was the impact on brinjal production. Visitation rate of pollinators (butterflies and bees) was significantly
higher in ecological farm as compared to the conventional farm (Mann Whitney U test, p < 0.001).
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-
Pacific Chemical, Biological & Environmental Engineering Society
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1. Introduction 
 
A large variety of crops including horticultural and vegetable crops depend essentially on insect pollination 
[1]. Estimation of the Ecosystem services provided by the pollinators has recently come under scrutiny [2]. 
Disruption of ecosystem services provided by pollinators because of pollinator decline in chemical intensive 
cropping systems is a major concern and has assumed a global dimension [3]. On the other hand, sweeping 
and alarmist generalization about the impact of pollinator decline has also been cautioned against [3]. Impacts 
of high external input agriculture introduced in India during late sixties have been deleterious on many counts 
including its impact on the natural ecosystems [4]. While common observation within the farming community 
indicates severe drop in pollination services, quantified assessment reports on the impact of synthetic 
chemical pesticides on the pollinator population in crop systems are however needed [5].  
This paper presents an experimental study of the impact of farm design and practice (chemical inputs, plant 
coverage etc.) on pollinator visitation, and its ultimate impact on the vegetable under study (brinjal 
production). 
 
2. Experiment and Results 
 
2.1. Experimental Setup 
 
The study was conducted during the period of October 2010 to October 2011. Two different farms in the 
same area, i.e. conventional (0.15 acre) and ecological (0.13 acre), were randomly divided into 5 plots (3 X 2 
m) having 5 plants in each.  
Neem (Azadirachta indica) oil (7.69 liter/acre) and Trichoderma viridae (each 4.61kg/acre) were used as 
bio-pesticides in the ecological farm. However, conventional farm growing brinjal was sprayed by Thiodan 
(1.5gm/liter of water) and Malathion (2ml/litre of water) just in the early morning.  
25 plants (5 plants per plot) each at ecological and conventional farms were surveyed for pollinator visitation 
and fruit sets. Each plot was surveyed for plant visiting insects i.e. bees and butterflies in two separate one-
hour sessions (Morning and afternoon). Another set of twenty-five healthy plants was wholly bagged in the 
ecological farm before flowering to restrict pollinator visit. The fruits were counted on weekly basis until 
maturity. 
 
2.2. Experimental Results 
 
Seven species of butterfly were recorded from the ecological farm while only two were recorded from the 
conventional farm (Fig. 1). Two species of bees (Apis cerana and Apis dorsata) visited both the farms; 
density of bee (individual/plot) was more in the ecological farm than the conventional farm (Fig. 2) (Mann-
Whitney U Test, p < 0.01 in both cases).  
However, visitation rate (pollinators/plot/hr) of butterflies was significantly higher in ecological farm as 
compared to the conventional farm (Mann Whitney U Test, p < 0.001). The same was true for bees too (Mann 
Whitney U test, p < 0.001) (Fig. 3). Fruit production (average) was found to be higher in the unbagged plants 
in ecological farms as compared to the conventional farm (t =2.631, df = 21, p<0.05) (Fig. 4). In the ecological 
farm, unbagged plants had more fruits (average) as compared to the bagged plants (t =2.03, df = 26, p<0.05) 
(Fig. 4). There was no significant difference in terms of fruit production between bagged plants in ecological 
farms and plants in the conventional farms. Brinjal is one of the most heavily pesticide applied crops [5]. Both 
the recommended dose and frequency of pesticide application are higher in brinjal than in other commonly 
grown vegetable crops. This study clearly indicates the impact of such heavy pesticide application on 
pollinator population as it apparent from the low diversity and density of pollinators in the chemical intensive 
farm.
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Fig. 1. Butterfly diversity and density (Individual/plot) in ecological and conventional farms.
Fig. 2. Diversity and density of bees (Individual/plot) in ecological and
conventional farms
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Fig. 3. Comparison of visitation rate of pollinators in ecological and conventional farms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Comparison of fruit production Tests (Test 1 and Test 2) vs. Control.
 
 
 
 
3. Inferences 
 
Brinjal (Solanum melongena) is both a partially self pollinated as well as cross pollinated plant [6]. But the fact that 
ecological farm, where pollinator density was significantly higher than the conventional farm, had more fruit sets 
than the pesticide applied farm, indicates the role of pollinators in production of fruit in brinjal. This finding was  
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corroborated by the evidence of higher fruit sets in the unbagged plants that allowed pollinators in the ecological 
farms over the bagged plants in the same farm where cross pollination did not take place. The results showed that 
there was no significant difference in crop production between the bagged plant in ecological farm and the regular 
open plants in the conventional farm is indicative of reduction in fruit sets in absence of natural pollinators. 
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